
DUNE Calibrations with 

Radioactive Sources and 

Intrinsic Ar-39 & Ar-42
Juergen Reichenbacher

Calibration Workshop 

Fermilab, 27-July-2017



July 27, 2017 DUNE - J. Reichenbacher (SDSM&T) 2

OUTLINE

1.) Motivation for low-energy calibration in DUNE

2.) Intrinsic Ar-39 & Ar-42

3.) External radioactive source deployments

4.) Internal fixed radioactive sources

5.) Injected short-lived radioactive sources



July 27, 2017 DUNE - J. Reichenbacher (SDSM&T) 3

1.) Motivation for Low-Energy Calibrations in DUNE
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1.) Motivation for Low-Energy Calibrations in DUNE
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1.) Motivation for Low-Energy Calibrations in DUNE
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1.) Motivation for Low-Energy Calibrations in DUNE

R. Svoboda, 

S. Gardiner (-> talk), 

C. Grant & E. Pantic
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1.) Motivation for Low-Energy Calibrations in DUNE

-> need to control u/g neutron background!
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Important: Radiological Model and Inputs from Screening

 Requirements on Radiopurity driven by intrinsic Ar-39 level 

in LAr (1.01 Bq / kg)

GERDA:  10^-4 Bq/kg of Ar-42 in LAr

(Curse and/or Blessing? Study in progress)

(would require Manhattan-Project style effort to mitigate for DUNE)

- Radiological control is crucial for far detector! 

 alpha- and gamma-screening of radiologically critical detector 

components for far detector used as inputs for radiological model

- Full-blown radiological model is condensed into one LArSoft

producer file and provides input for 

SNB, DAQ simulations, cosmogenics, atmospheric n’s, ndk etc.
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2.) Intrinsic Ar-39 & Ar-42
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2.) Intrinsic Ar-39 & Ar-42

Ar-42?

Ar-42 beta endpoint energy of up to 3.5 MeV

and often correlated gammas of ~1.5 MeV+

10 kt: 10 MHz Ar-39 + 1 kHz Ar-42 (can hit 3 adjacent wires -> cal)

(WARP 2 liters)
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3.) External radioactive source deployments
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3.) External radioactive source deployments

Using Cf-252 (or even better AmLi) would significantly reduce size of source, 

such that it would fit a 20 cm diameter feedthru

58Ni(n,g)59Ni



Double Chooz Calibration Deployment System inside Glove Box: 

Automated fishline system 

for target deployments: 

+/-2 mm precision over 7 m
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radioactive source Blue Laser UV Laser UV Laser w/ hat

July 27, 2017
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4.) Internal fixed radioactive sources

-> Spike local points on cathode and field cage 

(electroplating isotopes dissolved in nitric acid 

and final seal with thin Teflon layer)

Use Thoron (-> Tl-208) or beta sources

Jason Stock 

(2017 APS poster)
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5) Injected short-lived radioactive sources: 

Detector Uniformity

 ensure uniform detector response: purity and electron lifetime 

(employ purity monitors)

 impact of complicated flow pattern checked with fluid dynamic simulation

(employ RTDs)
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5.) Injected short-lived radioactive sources

Tl-208 gamma of 2.615 MeV

and beta with endpoint energy of up to 1.8 MeV 


